PhRPs used in rd1 study were highlighted in red. RIM, retinal induction medium; NDM, neural differentiation medium with (+) or without (-) Noggin supplement; PRDM, photoreceptor differentiation medium. 
Figure S11. Control measures for functional improvement of vision
In order to control for differences in behavior of the three treatment group in the light avoidance assay, transitions between the arena chambers and the distance travelled by animals within the lit chamber were also assessed during the experiments as behavioral measures of anxiety in rd1 mice. There were no differences between the three groups in ( 
AAV vector generation
The Y444F mutation was created in the Rep2Cap2 plasmid using the TTTGTTCTGCTCAAGAAATACAGGTACTGGT. The transgene plasmid (pTransgene) was generated by isolating the 199bp human rhodopsin kinase promoter (GRK1) fragment previously described [2] . This was attached to the exon/intron elements of the CAG promoter using the SPLICE technique [3] . In order to do this, the GRK1 reverse primer contained the first few bases of the exon fragment and similarly, the forward primer of the exon fragment contained the last few bases of the GRK1 sequence. Restriction sites are underlined. collected three days post-transfection and subsequent AAV purification performed using iodixanol gradients [4] . Isolated AAV were concentrated using Amicon Ultra-15 100K centrifugal units (MerckMillipore) and assessed for purity by SDS-PAGE.
Cell cryopreservation
For long term storage and cell shipment, PhRP spheres were cryopreserved in an-animal-free cell cryopreservation buffer, Cryostor CS10
(BioLife Solutions, Inc). 5 million cells were frozen in a final volume of 1 ml of Cryostor CS10 medium. Then stored at -80C for 2 days, and transferred to liquid nitrogen. Frozen cells were rapidly thawed in a 37°C water bath and cells viability was assayed by Trypan Blue (sigma) exclusion.
We routinely check cell viability after cell cryopreservation. Viability was tested immediately post thawing, again at 48 hours and finally prior to transplantation. Using the described method, we typically obtained 70-85% viable cells post thawing. Only batches with over 75% viable cells were used for further application. Following media replacement and removal of dead cells, we tested viability again at 48 hours and immediately prior to transplantation. Over 90% cell viability was measured in cohorts at 48 hours and at the day of transplantation.
Cell recovery and transduction
Frozen human ESC and iPSC-derived PhRPs were maintained in vapor phase liquid nitrogen storage. 72 hours prior to transplantation cells were thawed, 
Cell transplantation
Transplantations were performed by subretinal injection under direct visualization using an operating microscope (M620 F20, Leica, Wetzlar, Germany). The pupils of 10-12 week old mice were dilated as described above and a liquid gel (Viscotears, Novartis, Frimley, UK) was applied to the eye. A 6mm circular cover glass was positioned over the cornea to allow visualization of the retina. Cell suspensions were transplanted subretinally using a Hamilton syringe and a 10mm 34-gauge needle (65N, Hamilton AG) inserted into the subretinal space though the sclera as previously described [5] . 2 µl of diluted cells (Approximately 2 × 10 5 cells were transplanted in each injection) or buffer (PBS) was delivered unilaterally into the subretinal space of the right eye.
Scanning Laser Ophthalmoscopy
Autofluorescence (AF) imaging was performed 3 weeks post transplantation using a confocal scanning laser ophthalmoscope (cSLO;
Spectralis HRA, Heidelberg Engineering, Heidelberg, Germany) as previously described [6] . Animals were anaesthetised and pupils were dilated as above. A contact lens was placed on the cornea using a viscous gel (0.3% w/v hypromellose, Matindale Pharmaceuticals, Romford, UK) to improve image quality, and the mouse was place on an imaging platform. The near-infrared (NIR) mode (820 nm laser) was used to achieve camera alignment at the confocal plane of the neural retina. GFP expressing cells were imaged using the autofluorescence (AF) mode (480 nm) using a 55° lens with a standardized detector sensitivity of 70 and automated real-time averaging.
Tissue collection and processing
Eyes were fixed in 4% paraformaldehyde (PFA, Thermo Fisher, Loughborough, UK) in PBS and the cornea and lens were removed before overnight incubation in 4% PFA. Fixed eyes were cryoprotected in a 10-30% sucrose gradient, then washed in PBS and embedded in optimal cutting temperature (OCT) compound (Tissue-Tek, Sakura Finetek, The Netherlands) and frozen in liquid nitrogen. Cryosections (18 µm) were cut and affixed to poly-L-lysine coated glass slides (Polysine®; Thermo Scientific, Loughborough, UK)
for immunohistochemistry and further analysis.
In vitro immunocytochemistry
Cells were fixed in 4% paraformaldehyde for 30 min at room temperature.
Samples were blocked with 5% normal goat or donkey serum (Jackson ImmunoResearch) and 0.3% Triton X-100 in PBS at room temperature for 1 h, followed by incubation with primary antibodies at room temperature for 1 h. There following antibodies and sources were used: PAX6-specific antibody (1:600, 
Light microscopy
Quantitative analysis of GFP expression in transduced neural spheres and retinal sections was achieved by light microscopy imaging, using Leica DM IL inverted epifluorescence microscope. Images were obtained using identical acquisition setting and exposure time for comparable slides and were saved at a resolution of 1200x1600 pixels.
Confocal Microscopy
Retinal sections were viewed on a confocal microscope (LSM710; Zeiss, Jena, Germany). The fluorescence of Hoechst, GFP, Alexa-555 and Alexa-635 was excited using 350-nm UV, 488-nm argon, and the 543-nm HeNe lasers, as appropriate. GFP-positive cells were first located using epifluorescence illumination and then a series of XY optical sections (approximately 0.5µm thickness) were taken in succeeding stacks to give XY projection images. Image processing was performed using Image J (Version 1.47, National Institute of Health, http://rsb.info.nih.gov/ij/index.html).
Immune suppression
Animals were immune suppressed by addition of cyclosporine A (50 mg/kg/day) and 5% fruit cordial to the drinking water [7] for 2 days prior to and 3 weeks following transplantation.
Statistical analysis
Cell quantification was analyzed using two-tailed Student t tests.
Optomotor response data was analysed using a paired student t test or one-way 
